Dissociation of acetylacetone
where y denotes the molar activity coefficient of the species. Several reviews of the published values of dissociation constants of acetylacetone under various conditions are available (64 5, 71 Sa, 78 5) . Table 1 shows the dependence of Ka (mol dm3) on the temperature for I = 0 and I = 1.0 Equilibrium constants: acetylacetone and its metal chelates 2559 mol dm3. (63 G) and 8.76 (61 P) (from this paper it is not evident whether concentration or mixed constants were determined). Taking into consideration data obtained for 1M (Na+, H+)C104 the recommended value of PKa will be 9.00 ±0.03 at 25°C.
It is of interest to note that the recommended values for the dissociation constants of acetylacetone are the same for I -0 and I = 1 M (Na+, H+)Cl04. This surprising fact has been explained in terms of a shift in the enol-keto equilibrium towards the keto form, as evidenced from NMR and spectrophotometric measurements (69 L) .
The values of PKa = 8.82 (53 R, 68 G) Table 3 ), due probably to a shift of the enol-keto Equilibrium constants: acetylacetone and its metal chelates 2561 equilibrium (69 J). In earlier papers (54 S1 58 R), the increase of the solubility has been explained by the formation of species of the type H2A+. (Table 4) .
Distribution constants decrease with increase of the ionic strength and the acidity of the aqueous phase. This is in line with the increasing solubility of acetylacetone in aqueous electrolyte solutions. increases in tetrachloromethane are observed with increasing cHA. This effect becomes especially pronounced at cHA higher than 0.5 mol dm3.
The distribution constant also depends on the temperature: for tn- 
Stability and liquid-liquid distribution of metal acetylacetonates

General
Overall concentration stability constants, n' or thermodynamic sta-
are used to characterize the formation of complexes in the aqueous phase.
When these data are not available, the corresponding stepwise stability con-
Equilibrium constants: acetylacetone and its metal chelates
are included in the present compilation (y denotes the molar activity coefficient of the species).
Eqs. (7) and (9) can be used for recalculation of the stability constants of metal acetylacetonates for I = 0 -0.1 mol dm3. Experimentally found values of stability constants at I = 1 mol dm3 are usually higher than those at 0.1 mol dm3, which is probably connected with the fact that PKa at I = 0.1 mol dm3 is lower than those at I = 0 and 1.0 mol dm3.
The stability constants can be also calculated from thermodynamic data according to
In some publications the complex formation of the metal with hydroxide ion, e.e. hydrolysis, was not taken into consideration. This can lead to large errors in the determination of stability constants. Additionally, the presence of acetic acid impurity in acetylacetone (the commerdial product usually contains several percent of the acid) may also cause errors in the determination of stability constants, especially when using potentiometric methods.
The overall extraction constant Kex involving the metal chelate formation and its distribution in liquid-liquid system can be expressed as
where
Expressing the hydrogen ion term as an activity, the extraction constant is denoted as K' ex Distribution constants of metal acetylacetonates KD() are generally not too large, and for this reason they can be experimentally determined with a sufficient precision; however, the possible formation of hydroxocomplexes has to be considered. is known.
Beryllium acetylacetonate
The stability constants of beryllium complexes with acetylacetone at various T and I are summarized in Tables 5 and 6 . 
R
a Recalculated data using eq. (7).
The general agreement of data obtained by different authors at 25°C enables us to recommend the most reliable constants at different I ( with an equilibrium constant log K = -9.8 at 25°C and I ÷ 0.
The distribution constant of BeA2 using trichloromethane as solvent (log KD(BeA = 2.15, 2.45 and 3.05 at 10°C, 20°C and 30°C, respectively; 2 I = 1.0 mol dm (72 K) ) is higher than those using pure acetylacetone (log KD(BeA = 1.61 at 25°C and low I (59 K)).
2'
The extraction constant log K' = -2.79 at 25°C and I = 0.1 M (Na+, H+) Cl04 (63 S) for benzene as organic solvent is in agreement with the value log K'ex = -2.6 at 20°C and I = 1 mol dm3 for trichloromethane (68 R). At 25°C and I = 0.1 M (Nat, H)Cl04 the following values of stability constants were obtained (79 S): log l = 3.36 ±0.02 and log 2 = ±0.09.
These data are in a good agreement with Izatt's values obtained by the recalculation for the above conditions: log l = 3.33 and log 2 = 5.8 which allows to recommend the most reliable data of stability constants of magnesium acetylacetonate (Table 9) . The first stability constant of scandium acetylacetonate log l = 8.4
±0.1 at 20°C and I = 0.01 mol dm3 (66 Ka) determined spectrophotometrically, and log l = 8.3 at 25°C and I = 0.1 mol dm3 (66 5 Table   10 . It is of interest to note that in the plot log 131 as a function of atomic number, only the first part of the curve increases linearly (from La to Eu), whereas in the second part (from Gd to Lu) log l value is nearly constant. The difference between consecutive elements in the first part is about 0.15, but the total variation from Tb to Lu is only 0.2 A survey of thermodynamic constants determined by the direct calorimetric measurements is given in Table 11 . The stability constants of titanium(III) complexes with acetylacetone were determined at 25°C and I = 1.0 mol dm3 by means of spectrophotometric method: log l = 10.43, log 2 = 18.82 and log = 24.9 (66 V).
Zirconium acetylacetonate
The stability of zirconium acetylacetonate has been determined from the distribution of zirconium between pure acetylacetone and an aqueous phase at 25°C and low I: log l = 8.38, log 2 = 15.96, log = 23.22 and Table 12 .
The distribution constant log KD(ThA ) = 2.50 ±0.05 at 25°C and I = 0.lM + + 4 (Na , H )Cl04 for benzene as the organic solvent has been determined independently by (50 R) and (58 P). Using trichloromethane as solvent log KD(ThA ) = 2.55 ±0.05 at 25°C and I = 0.1 M (Nat, H)ClO4 (53 Rb) and using n-hexane log KD(T) = 0.64 (H = 68 kJ mol1, LS = 245 J mol1K1) at 25°C and aralculated using limiting value method.b Calculated using least-squares method
The value of the extraction constant can be calculated from the tentative values of and KD(ThA (see Table 13 ) using eq. has not been taken into account. 
+ y
The values of log xy obtained from a least-squares fit to the distribution data are log l1 = 1.00±0.17, log l3 = _2.lO±0.lS, log 24 = ±0.16, log = 0.38±0.11 and log (53KD53) = 0.73±0.18 at 25°C (70 La).
The following distribution constants were also obtained: log KD13 = 0.02 The extraction constant calculated from eq. (12) is log Kex = -5.9 at 25°C and I = 0.1 mol dm3 for benzene as solvent.
Stability constants of uranium(VI) acetylacetonate are summarized in Table 14 . The results are rather scattered thus only tentative values are included in Table 15 . Using the distribution method (55 R), the formation of mixed complexes of the type UO2A(OH), UO2A(HA) and U02A2(HA) has been detected and the respective equilibrium constants K have been determined at 25°C and I = 0.lM The value of the extraction constants calculated from the above data:
log Kex = -5.5 and -3.6 for the extraction of U02A2 and U02A2(HA), respectively. By the direct determination, the following data were obtained:
log Kex = -5.85 (67 B) and -6.1 at 30°C and I = 2 M(Li, H)ClO4 (67 N); solvent benzene. The formation of mixed complexes, however, was not taken into account. b Obtained by calorimetric measurements at I = 0.05 mol dm3 (78 P). c Obtained by liquid-liquid distribution method at I = 0.1 mol dm3 (68 G). 77 Sb a Recalculated using eqs. (7) and (11).
b Calculated using eq. (11).
Equilibrium constants: acetylacetone and its metal chelates 2577
The general agreement in stability constants determined using various methods allows us to recommend the most reliable values (Table 18 ).
The distribution constant log KD(M A = -1.23 at 25°C and I = lM (Na+, n 2' H+)clo_ for tetrachloromethane as organic solvent; log Kex = -11.8 under the same conditions (77 Sb). A survey of equilibrium constants of iron(III) acetylacetonates is given in Table 19 . a Recalculated using eqs. (7) and (11))D Benzene was used as the organic solvent.
From the data in Table 19 it is evident that the differences between reported values are too large as to be explained only by the changes of T and I, thus, only tentative constants at'I = 0.1 mol dm3 can be given (Table 20) . The polarographic method allows only the determination of stepwise stability constants: log K2 = 8.4 and log K3 = 6.5 at 25°C and I = 0.1 mol dm3 (63 P). Using the tentative values of log 61 = 9.25, then log 62 = 17.65 and log 63 = 24.15. b Determined by calorimetric measurements at I = 0.05 mol dm3 (78 P) Recalculated using eqs. (7) and (11). Recalculated using eq. (11).
Equilibrium constants: acetylacetone and its metal chelates 2579 Cobalt(II) acetylacetonate is extracted into tetrachioromethane only slightly: log KDC A = -0.94 at 25°C and I = 1 M(Na, H+)C104 (74 S). a Evidently an error in the original paper: H0 should be -17, -44 and -72 kJ mol1 for log l' log 2 and log , respectively.
b Recalculated by the present authors using least-squares method.
c Determined potentiometrically at I = 0.02 mol dm3 (71 R).
d Determined by calorimetric measurements at I = 0.05 mol dm3 (78 P).
e Determined at I = 0.1 mol dm3 (68 G). 79 S a Recalculated data using eqs. (7) and (11).
b Data calculated using eq. (11).
The value log 2 = 9.66 (68 G) is too low in comparison to other published data -thus not taken into consideration for the evaluation of the most reliable data (Table 26 ).
The distribution constant of nickel acetylacetonate between tetrachloromethane and 1 M (Na+, H+)Cl04 at 25°C is very low: log KD,NiA = -2 -2.5 2'
(77 5). Table 27 . A survey of stability, distribution and extraction constants of copper acetylacetonate is given in Table 28 .
For the calculation of l and 2 at I = 0.1 mol dm3, a PKa value of 8.62 (71 5) has been used instead of 8.83 which leads to the lower value of the stability constants (by recalculation we obtained log l = 7.95 and mol dm3 in neutral aqueous solutions.
The extraction constants for benzene as the organic solvent are in general agreement (Table 28) 
Zinc acetylacetonate
The stability constants of zinc acetylacetonate, determined by the potentiometric method (54 I, 55 Ib) and by the liquid-liquid distribution method (69 La) at various temperatures, are summarized in Table 30 . A survey of stability, distribution and extraction constants of zinc acetylacetonate at 25°C is given in Table 31 , and the most reliable equilibrium constants in Table 32 .
It has been found that at higher acetylacetonate ion concentrations Recalculated data by the present authors using least-squares method.
e At I = 0.05 mol dm3 (78 P).
At I = 0.1 mol dm3 (68 G). Table 33   Table 33 Stability constants of cadmium acetylacetonate at I -* 0 The stability constants of mercury(II) acetylacetonate determined at 30°C and I = 0.5 mol dm3: log 2 = 21.56 (at I = 1 mol dm3 log 2 = 21.37) (55 I) 
Gallium acetylacetonate
The potentiometric method gives for the stability constants of gallium acetylacetonate at 30°C and I ± 0 the following values: log l = 9.4±0.2, log 2 = 17.75±0.30 and log 133 = 23.65±0.40 (55 Ia) . The distribution method gives at 25°C and low I much lower values of stability constants (59 K): log l = 7.79, log 2 = 15.27 and log 133 = 21.56, whereas at I = lM (Na, H)Cl04 the following values have been obtained: log l = 9.29±0.07, log 2 = 17.27±0.12 and log 133 = 23.65±0.08 (72 L) . Because of the great differences in the data published, the values of stability constants at I ± 0 (55 Ia) and I = 1 mol dm3 (72 L) should be considered only as tentative.
The value of log KD(GaA) reported for benzene at 25°C and I = 1 mol dm3 is 2.43±0.03 (72 L), whereas it is only 1.4 for pure acetylacetone at low I (59 K) The extraction constant is log K'ex = -5.51 at 20°C and I = 0.1 mol dm3
in benzene as the organic solvent (63 S) . From the experimental data of (59 K) we obtain log Kex = -6.0 at 25°C and low I using pure acetylacetone as organic solvent.
Indium acetylacetonate
Stability constants of indium acetylacetonate have been determined by the potentiometric (55 Ia, 77 Sc), liquid-liquid distribution (58 R) and polarographic methods (66 C) ( Table 36 ). The value of 133 cannot be determined by the potentiometric method because of the low solubility of the indium chelate of the type InA3 in aqueous solutions. The stability constants determined by the polarographic method are considerably larger than those determined by other methods and were thus not taken into consideration for the evaluation of the tentative constant for indium complexes. (Table 37 ). The heterogeneous stability constant was found to be log = 21.6 at 20°C and I = 0.1 (Na+, H+)ClO using benzene as organic solvent (63 5 
Lead acetylacetonate
The following stability constants were determined by the liquid-liquid distribution method at 25°C and low I (59 K): log l = 4.51 and log 2 7.00.
The data agree with the stability constants determined by the potentiometric method at 25°C and I 0.1 mol dm3 (79 S): log l = 4.57±0.04 and log 2 = 7.28±0. 09 which allows to recommend the tentative data for lead complexes (Table 38 ). The polarographic method gives for 30°C and I = 0.7 mol dm3 a much lower value for log 2 = 6.3 (62 S).
The extraction constant log K' = -10.15 at 20°C and I = 0.1 mol dm3 (63 S) Table 38 Tentative stability constants of lead acetylacetonate at 25°C
and ionic strength I = 0.1 mol dm3 log l = 4.5±0.1 log 2 = 7.2±0.2
